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Abstract  

Among additive manufacturing (AM) processes, Selective Laser Melting (SLM) is the most 

diffused layer by layer method for manufacturing 3D components. It is based on local melting, 

induced by a laser scanning, on a powder bed; the limited dimensions of the liquid pool provoke 

rapid cooling rates which can be associated to significantly finer microstructure than the one 

obtained by a conventional casting process. Moreover, being the remelting of pre-existing pools, it 

is of relevant interest to investigate the wettability and the reactivity at high temperature of alloys 

produced by SLM. In the panorama of alloys for AM, the AlSiMg system is one of the most used, 

as it belongs to wide family of the Al-Si alloys, extensively used for conventional casting and die-

casting technologies, and it offers good weldability. Therefore, the present work has the goal of 

investigating the high temperature behavior of the SLMed AlSiMg parts. Wettability tests on Al2O3 

plates were performed considering two different atmospheres (vacuum and Argon) and the contact 

angle results compared; surface morphology together with the microstructures and the chemical 

composition variations were analyzed. 
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Abstract  

Among additive manufacturing (AM) processes, the selective laser melting (SLM) is the most 

diffused layer by layer method to produce 3D components. It is based on local melting of the 

metallic powder by means of a focused laser source that scanning the powder surface. Hence, the 

rapid solidification rates of the small liquid pools induce a peculiar microstructure with grains finer 

than the one obtained by conventional casting processes. Since new layers solidify on top of pre-

existing solidified pools, it is definitely interesting to investigate the wettability and the reactivity at 

high temperature of SLMed alloys. Therefore, the present work has the goal of investigating the 

high temperature behavior of the widely used AlSiMg alloy, produced by SLM. Wettability tests on 

Al 2O3 plates have been performed under two different atmospheres (vacuum and Argon) and the 

contact angle values compared. In order to assess the reliability of the contact angle data obtained in 

the present work, the results were analyzed using various predictive models and compared to the 

literature data. Surface morphology together with the microstructures and the chemical composition 

variations were analyzed. In particular, surface oxidation and Mg evaporation under vacuum were 

found to represent the main problems, providing interesting insights on the SLM processing of 

aluminum alloys. 
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1. Introduction  

 

Metal-based additive manufacturing (AM), belonging to three-dimensional (3D) printing processes, 

is a rapidly expanding advanced industrial process, in which high power density heat source is 

adopted for locally melting a portion of feedstock material for the construction of complex shaped 

parts. Starting from the CAD file of the original sketch, layer by layer building strategy allows to 

produce components with high degree of geometrical complexity. Among the different AM 

technologies, the most diffused is the so-called Selective Laser Melting (SLM), in which a laser 

beam scans the surface of a thin powder bed for melting it only where the construction of the part is 

required. By the repetition of the powder melting of the next layers, namely layer by layer building, 

the realization of the 3D part is allowed [1-2]. The possibility of producing tailored parts or 

particular forms even with complex geometries that could not be easily obtained by the 

conventional processes is one of the major advantages of this technology [3, 4]. 

SLM may be rightfully considered as a rapid solidification metallurgical process because of cooling 

rates being as high as 105-106 °C/s. This feature is also connected to the high temperature gradient 

induced by the small size of the melt pool and the dense energy input locally delivered by the laser 

source. This out-of-equilibrium condition can in turn induce cellular growth of the material upon 

solidification, as well as the formation of supersaturated solid solutions and metastable phases, 

which are far less common in conventionally cast alloys [5-6]. 

Few metallic compounds can be reliably processed by SLM among them aluminum alloys that are 

expected to be employed for improving the efficiency of light structural or heat controller parts [7-

8]. We focused our attention on AlSi10Mg (Al-9.64Si-0.45Mg, at %) with typical near eutectic 

composition. Again, it shows good thermal conductivity and high reflectivity [9], good weldability 
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[10] and low shrinkage. In addition, due to its good mechanical properties [11-16] AlSi10Mg is 

widely used for complex shape casting. Furthermore, the age hardening can be induced by 

precipitation of the Mg2Si phase, generally known as β phase [17]. 

Oxidation is certainly one of the drawbacks of AM processing of aluminum alloys [11]. Therefore, 

oxide formation is a severe impediment to a wettability and can cause defects such as balling. 

Moreover, the issues related to oxidation during the SLM can be amplified due to the high surface 

to volume ratio of the micrometric metallic powders. In fact, the control and the correct storage of 

the powder is an aspect currently investigated for preserving the quality and purity of the feedstock 

material. 

AM process should guarantee low oxidation level to maintain surface properties close to those of 

the reference alloy [18]. Indeed, it has been shown that although the additive manufacturing process 

is carried under inert atmosphere, the formation of surface oxide films [8, 19] which can strongly 

influence the wetting characteristics [20, 21,22] occurs. Several studies on the wettability of 

aluminum and the influence of oxygen on it have been conducted [23-26], on the contrary, very few 

data are available on the wettability of AlSiMg alloys. For this purpose, in the present work a study 

was conducted on the behavior of Al-10Si-0.4Mg (wt %) alloy, hereinafter referred to as the 

AlSiMg alloy, produced by SLM at high temperature. In order to highlight possible differences with 

respect to both the conventional cast Al-Si alloy and pure Al, wettability tests were carried out on 

Al 2O3 substrates under different environmental conditions. Contact angles obtained from sessile 

drop tests in two different operative conditions were compared and surface morphology and 

microstructures of the processed samples were analyzed. The energetics of the liquid AlSiMg/ 

Al 2O3 system was described in terms of the contact angle and the work of adhesion combining 

Butler’s, Young’s and Dupré’s equations [27]. 
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2. Materials and Methods 

 

2.1 Sample preparation 

AlSiMg alloy was processed by SLM (mod. AM250 from Renishaw), starting from powders with 

mesh size ranging from 20 µm and 63 µm and average size of approximately 45 µm. The powders 

chemical composition is reported in Table 1. Main SLM parameters, used for the manufacturing of 

the samples, are listed in Table 2. 

 

Table 1. Chemical composition of the AlSi10Mg powder (wt %) 

Si Mg Cu Ni Fe Mn Ti Al 

10 0.4 < 0.25 < 0.05 < 0.25 < 0.1 < 0.15 bal. 
 

 

Table 2. Process parameters used for the realization of the AlSi10Mg samples 

Process parameter Value 
Average power 300 W 
Exposure time 120 µs 
Spot size 130 µm 
Layer thickness 25 µm 
Building temperature 25°C 
Point distance 130 µm 
Hatch distance 140 µm 
Atmosphere Argon 

 

 

2.2 Wettability measurements 

The wetting experiments of SLMed AlSiMg alloy on Al2O3 substrate were performed using the 

classical sessile drop technique [28,29,30]. During such experiments, the time-evolution of the 

contact angle (θ), liquid metal drop's base radius and the drop's height during the rise of temperature 

which was measured by a calibrated pyrometer, are monitored. 

Jo
urn

al 
Pre-

pro
of



 

 

The measurements have been performed in ad hoc apparatus consisting of an induction horizontal 

furnace, heated by an 800 kHz high-frequency generator coupled to graphite heather [18]. The 

apparatus is provided by a high resolution CCD camera and a specific combined image analysis-

software, ad hoc developed (ASTRA view) [19], allowing the liquid metal drop's profile to be 

acquired. 

From the alloy manufactured using SLM process, samples of about 0.2 g were mechanically 

scratched and then cleaned using the ultrasonic ethanol bath for 5 minutes. Then the alloy sample 

was placed on a plate of dense Al2O3 (Degussit Al25: purity> 99.5% by weight, density> 2.8 g cm-

3) with dimensions 1 × 1 cm (surface roughness of Ra = 0.5 µ) and introduced into the center of the 

furnace. After degassing and kept under vacuum (Ptot ~ 10-3 Pa) for two hours, the desired 

atmosphere was imposed, i.e. a vacuum or static inert atmosphere of pure argon gas (99.999%, 

Argon-Alphagas 2) and heating started. A heating rate of 500 C ° / min was applied to reach the 

final temperature (Tf). The isothermal conditions were maintained for about 20 minutes before 

cooling to room temperature. 

The wetting behavior of SLMed AlSiMg alloy on Al2O3 substrate was tested both under vacuum, 

characterized by a total pressure P = 10-2 Pa, and under a pure Ar- atmosphere, total pressure P=105 

Pa. The contact angle was measured as a function of time and temperature. 

 

2.3 Surface morphology and microstructure analysis. 

The morphology and the chemical composition of upper surfaces and cross sections of the samples 

subjected to wetting characterization, were analyzed by scanning electron microscopy (FEG-SEM 

mod. SU70 from Hitachi) and EDXS (mod. UltraDry detector and Noran System Seven suite from 

Thermo Scientific). After general inspection, performed in order to observe both surface and triple 

point, the specimens were cut with a metallographic diamond saw along a diameter of the drop and 
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polished for the analysis of the cross section. The observations were performed with acceleration 

voltages in the range 5-15 kV.  

 

3. Results and Discussion  

 

3.1 Experimental results  

The characteristic microstructure of SLMed AlSiMg sample, in as built condition, is shown in 

Figure 1 and Figure 2. Thanks to the high cooling rates reached during the SLM process, 

supersaturated eutectic Si rich phase is spread into the Al matrix under the form of a continuous 

cellular network. EDXS results confirm the chemical composition of the Al rich matrix and the Si 

rich network, respectively.  

 

 

 

Figure 1. SEM image of SLMed AlSiMg showing the points for EDXS measurements; 1- 

representative EDX spectra of the Al matrix, 2- the cellular Si rich network, and 3- a thin oxide 

layer with also Mg. Spectra were cropped at the same count number in order to highlight the 

difference between Si, O and Mg relative content. 
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Figure 2. Cross section of the SLMed AlSiMg alloy indicating the presence of oxides layers 

surrounding previous melting pools or balling liquid (left); EDXS compositional analysis related to 

the points 1-2. Spectra were cropped at the same count number in order to highlight the difference 

between O and Mg relative content (right). 

 

A typical microstructure of AMed Al alloys, characterized by primary aluminum columnar grains 

growing in the direction of thermal gradients and intergranular eutectic structure composed of 

aluminum and thin branched silicon network was observed (Figure 1). Occasionally, internal oxide 

layers were observed, characterized by an enrichment of Mg, with respect to the matrix (Figs. 1 and 

2). EDXS analyses revealed that even if possibly some Mg could evaporate during SLM process, 

detectable amount is still present in the processed material. 

In Figures 3 the wetting behavior of the SLMed AlSiMg sample on Al2O3 substrate measured under 

vacuum conditions as a function of time and temperature is shown. After about 2-3 minutes from 

the beginning of the test, the sample started to melt at T≈ 800 °C, but almost simultaneously the 

surface of the sample stopped emitting, started swelling and rapidly imploded. During this short 

period of time, a high instability of collected data was observed. After about 5 minutes from the 

beginning of the test, at T ≈ 1100 °C, the sample started the wetting process again with an initial 

contact angle value of 140°. Thereafter, the contact angle decreased very rapidly to an average 
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value of about 88° which remained constant until the end of the test, with a variation of about 9 -

10°. 

 

Figure 3. Contact angle versus time of SLMed AlSiMg alloy on Al2O3 substrate under vacuum (P= 

10-2 Pa).  

 

The evolution of the sample during the test is shown in Figure 4. 

 

 

Figure 4. Evolution of the SLMed AlSiMg sample on Al2O3 substrate during the wetting test 

shown in Figure 3 (t= time; Tm = melting temperature; Tf= final temperature). 

 

The solidified sample on the alumina substrate after the wetting test is shown in Figure 5. The low 

shining indicates the possible formation of surface oxide.    
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(a)                                            (b) 

Figure 5. Lateral (a) and top (b) views of the AlSiMg drop solidified on the Al2O3 substrate after 

the wetting test under vacuum. 

 

The sample was then subjected to SEM-EDXS characterization. In Figures 6 and 7, micrographs of 

the drop surface of the AlSiMg after the wetting test under vacuum condition, are shown. Typical 

features are highlighted and corresponding EDXS analyses are reported. 

 

 

Figure 6. SEM micrograph of the surface of the AlSiMg drop solidified on the Al2O3 substrate after 

the wetting test under vacuum condition, lower part of the specimen. Typical features are 

highlighted in the micrographs and corresponding EDXS analyses are reported: 1- blocky aluminum 

oxides, 2- iron rich particles, 3-silicon particles, 4-small globular nitrogen rich aluminum oxides. 
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Figure 7. SEM micrograph of the surface of the AlSiMg drop solidified on the Al2O3 substrate after 

the wetting test under vacuum condition: leaf like oxides are visible, together with Silicon particles 

emerging from inside. 

 

In order to define the chemical composition of the detected compounds with different morphologies 

and dimensions the EDXS analyses were performed. They can be grouped as follows: 

- blocky aluminum oxides: already visible at low magnification, having size of several 

microns (Figure 6, spectrum n. 1);  

- leaf-like aluminum oxides: very thin and detectable only at higher magnification (Figure 7);  

- smooth polygonal shapes: they are mostly Silicon particles that solidifies before the rest of 

the specimen, (primary silicon), and consequently stay in place while the rest of the 

specimen solidify and retire (Figure 6, spectrum n. 3); 

- small globular aluminum oxides: they were observed in the lower part of the specimen and 

exhibit an unusually high nitrogen content (Figure 6, spectrum n. 4). 

Moreover, small iron-rich phases can be observed through BSE micrographs close to silicon 

particles (Figure 6, spectrum n. 2). EDXS analyses did not reveal the presence of magnesium and 

/or magnesium oxide neither on the surface of the specimen, nor on the surface of the alumina base. 

The results of the EDXS analysis suggest that what was observed during the first 5 minutes of 
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testing was most of Mg leaving the liquid drop and producing the implosion. This can be attributed 

to high Mg vapour pressure [31]. Until now there is no data on Mg vapour pressure over liquid Al-

Si-Mg alloys, but the corresponding data for liquid Al-Mg alloys with Mg-content varying between 

0.035 and 88.7 at %, obtained in the temperature range of 449-913 °C by the Knudsen effusion 

method have been reported by Moser et al. [32]. Among the data reported in [32], that one related to 

the Al-0.444Mg (in at %) at T= 837 °C, indicating Mg vapour pressure of 18.59 Pa, may be 

considered as an estimate for Mg vapour pressure of the SLMed AlSiMg (Al-9.64Si-0.45Mg, in at 

%) having almost the same Mg-content. In addition, during the measurements of Mg vapour 

pressure, due to lost vapour, the depletion of Mg-content resulted in changing Al-Mg sample 

compositions was found [32]. Similar findings were observed in the present study along with 

concomitant effects of Mg-vaporisation and Al-oxidation (Figure 8).   

Thereafter, the sample composition, was reduced to that with nearly only Al and Si, exhibiting the 

wetting behavior very similar to that observed for the Al-12.6Si (wt%) alloy with comparable final 

contact angle values [22]. 

Further, in Figure 8 a low magnification SEM micrograph is shown, where the microstructure of the 

sectioned AlSiMg alloy is comparable to that of a conventional binary cast alloy [33]. Needles of 

eutectic Al-Si is clearly seen, highlighting the microstructural variation occurred during the wetting 

test in comparison to the microstructure of the original alloy (Figures 1 and 2). Additionally, 

oxidized regions with some residual Mg could be detected. The EDXS analyses performed on 

selected zones of the sample clearly highlight: b) the Al matrix; c) the presence of Al-Mg oxide and 

d) the eutectic Al-Si. 
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Figure 8. SEM image of the sample’s section, showing the EDXS measurement areas (a); EDXS 

spectra representative of the three regions (b-d). 

 

Different wetting behavior was observed during the test performed under the Ar- atmosphere. In 

this case, by increasing the temperature, the alloy sample started to show a moderate swelling 

followed by a sudden shrinkage while maintaining a similar shape to the initial one. In contrast to 

the previous case, no wetting occurred. Figure 9 shows the temporal evolution of the sample during 

that test. 

 

Figure 9. Evolution of the SLMed AlSiMg alloy on Al2O3 substrate during the wetting test 

performed under Ar- atmosphere (t= time; Tm = melting temperature; Tf= final temperature). 
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Figure 10 shows the solidified sample just extracted from the furnace at the end of the test 

performed in Ar-atmosphere. The specimen appeared strongly oxidized. The surface of the sample 

and the nearby alumina substrate were both covered by a thick layer of oxides. On visual inspection, 

the surface of the substrate shows different colors indicating oxides of different shapes: a dense 

forest of branched and leaf-like filaments of oxides are present closer to the sample, while the 

oxides furthest from the sample are in minor quantity and show a rounded shape.  

 

Figure 10. Image of the SLMed AlSiMg sample solidified on Al2O3 substrate, after the wetting test 

performed under Ar- atmosphere. 

 

The surface of the solidified alloy sample depicted in Figure 10, has been analyzed by SEM/EDXS. 

The morphology of the sample indicates some macro irregularities, absent in the sample tested 

under vacuum. The shape is quite irregular: most of the surface is covered by a thick layer of 

micrometric and even thinner oxides, characterized by irregular shapes, such as filaments and 

crystals as shown in Figure 11.   

 

  

Jo
urn

al 
Pre-

pro
of



 

 

Figure 11: Micrographs of the drop surface of SLMed AlSiMg alloy on Al2O3 substrate after the 

wetting test performed under Ar- atmosphere low (left) and high (right) magnification. 

 
On the other hand, on the surface of Al2O3 substrate, the presence of at least two types of oxides 

was detected: aluminum oxide with generally hexagonal shape, as indicated by EDXS analysis 

showing peaks only from Al and O (spectrum 1 in Figure 12), and mixed aluminum and silicon 

oxide (spectrum 2 in Figure 12), having irregular shapes, similar to filaments, decorated by leaves 

and pearls. 

 

Figure 12. SEM image of the Al2O3 substrate after the wetting test performed under Ar-

atmosphere; spectrum of the polygonal aluminum oxides (1) and the thin mixed Al-Si oxide (2). 

 
 
It is well apparent that the two atmospheres produced a strongly different oxidation. A rough 

estimation of oxygen partial pressure in the two cases indicates that these values differ by three 

orders of magnitude. If we assume that the residual atmosphere is composed of air, for the evacuate 

chamber a maximum of 2x10-3 Pa of oxygen could be present, that is far lower than that in the case 

of Ar filled. In the latter case possibly up to 0.2-1 Pa of oxygen could be present (residual oxygen in 

Ar gas, and eventual remnant of air in the chamber). Studies about oxidation of aluminum [34-35] 

show that aluminum oxide formation is quite enhanced in the range 950-1250°C, where metastable 
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Gamma-Al2O3 is formed, and become slower at higher temperature, when stable alfa-Al2O3 forms. 

In contrast, wetting experiments conducted in vacuum atmosphere, evidence that at higher 

temperatures Al2O3 film disappears [23]. Due to the paucity of the wettability data of the AlSiMg 

alloys, the comparison with the few available data of the Al-Si system is necessary. Altought the 

wetting behaviuor of Al-Si alloys on Al2O3 substrate was less investigated than that of Al on Al2O3, 

the contact angle values of Al-Si alloys on Al2O3 substrate as a function of composition are reported 

by Shen et al. [25]. From the data available in [25], the contact angle value θ = 73° at T=1450 °C 

was extrapolated for Al-12.6Si eutectic alloy [18], that agrees with the contact angle value 

measured in this work under a vacuum at T=1100°C. This value is also consistent with those 

reported in the literature, taking into account the dependence on temperature and the segregating 

effect of Si. Their effects on the surface properties are discussed in the next section. The poor 

wettability observed in test carried out under vacuum has to be attributed to surface oxidation 

which, as is well known, strongly influences the behaviour of the triple line [21]. In addition, the 

effect of mass exchanges between liquid and working atmosphere under stationary conditions [19] 

allowing to determine the effective oxygen pressure at which the oxidation of the metal becomes 

evident, have to be considered. In the particular case of Al, experimental results [36] indicated that 

oxidation–deoxidation transitions occur at values higher than the thermodynamic ones, owing to the 

non-negligible contribution of the linked oxygen in the form of Al2O volatile oxide. During heating, 

once aluminum melts, if the oxide layer is sufficiently thick, it may prevent the wetting of liquid 

aluminum on the substrate, and an irregular shape is maintained. It is known that the presence of 

Al 2O3 as well oxygen in the atmosphere help stable foam formation for aluminum melt [37]. 

Accordingly, under the operating conditions applied in this work, the oxidation regime seems to be 

always established. In fact, in the test under vacuum, although the Knudsen regime was set [24], the 

de-oxidation conditions were not achieved. The Ar- atmosphere seems to contain sufficient oxygen 

amount to stabilize the oxide film, and eventually re-oxidize evaporated Al2O as well as other 

evaporated elements (Al, Si). This results in the formation of oxides outside the specimen that then 
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freeze on the substrate surface: α-Al 2O3 granules with hexagonal shape were easily found on the 

substrate, together with aluminosilicates and reasonably mullite, (3Al2O3-2SiO2 or 2Al2O3-SiO2) 

[38, 39], that possesses orthorhombic structure and is generally found in ceramics as filaments.  

3.2 Surface tension and segregation calculations 

 

In multicomponent liquid alloys, the alloying elements with lower surface tensions have twofold 

effects on their surface properties: an enrichment of the melt surface by the atoms of tensioactive 

elements and a decrease in the surface tension of an alloy. In the case of the Al-Si-Mg system, the 

surface tension reference datasets of liquid Al, Si and Mg [40] indicate Mg and Si as tensioactive 

elements. Therefore, as a rule, the segregation of Mg and Si-atoms to the surface of liquid Al-Si-Mg 

alloys can be expected, as it was observed experimentally for the SLMed AlSiMg (Figure 1 and 

Figure 2).  Due to a very low content of Mg in the SLMed AlSiMg (Al-10Si-0.4Mg, in wt %; Al-

9.64Si-0.45Mg, in at %) alloy, its surface properties were further analysed using the model 

predicted values of the Al-Si system composed of Al and Si major alloying elements [41]. To this 

aim, the surface tension (σ) of liquid Al-Si alloys was calculated by the Butler model [18], as 

follows:  

 

� =  �� + ��
�	

ln �
	�

	�

� + �
�	

���
��,���, ���� − ��

��,���, ����� � = !, "�    (Eq. 1) 

 

where # , $� , ��� , ��� , ��
��,� , ��

��,�  are gas constant, surface area, composition and partial excess 

Gibbs free energy of a component   in the bulk and surface phases, respectively. The energetic 

terms have the same functional form; both are temperature and composition dependent and ��
��,� is 

proportional to ��
��,�  by means of reduced coordination, expressed as the ratio between the 

coordination numbers of the surface and the bulk phase. To calculate the surface tension and the 

surface segregation isotherms, the Gibbs free energy of the Al-Si liquid phase [42], molar volume, 
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structural data [40] and the surface tension data of the pure components Al [43] and Si [44] were 

taken as input data. The effects of Mg on the surface tension and the surface segregation of the 

SLMed AlSiMg alloy were evaluated by comparison with the corresponding values of the Al89.91-

Si10.09 alloy having the same Al-content as the Al-9.64Si-0.45Mg (Figure 13 and Figure 14).  

 

 

 

Figure 13. Surface tension isotherms of liquid Al-Si alloys calculated for T=1100 °C (full line – 

Butler’s model; dashed line – the ideal solution model) together with the literature data (� ) [45]. 

For a comparison, an estimation of the surface tension of the Al-10Si-0.4Mg (Al-9.64Si-0.45Mg, in 

at %) given by the surface tension calculated value of the Al89.91-Si10.09 (line 1 – compositional 

location of the Al89.91-Si10.09 alloy). 

 

The surface tension of the Al89.91-Si10.09 calculated for T=1100 °C by the Butler model is � = 

836 %&/% (Fig. x1a, line1), while for the Al90-Si10 alloy with slightly different composition, the 

experimental value of  � = 870 ± 43 %&/% having the experimental error of 5 % was reported 

[45]. To the best of our knowledge, the Al-Si-Mg system has no ternary compound [46, 47] and, as 

in the case of its basic Al-Si binary subsystem, it may be assumed that the realistic surface tension 
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values of these ternary alloys are lower than those of their ideal mixture. A rough estimate of the 

surface tension of the SLMed AlSiMg can be calculated using a weighted sum of the surface 

tension reference values each multiplied by the corresponding content of the alloying element. 

Considering the surface tension data of liquid Al [41], Si [ 44] and Mg [31], for the Al-9.64Si-

0.45Mg at T=1100 °C, the value of � = 842 mN/m is obtained.  

Therefore, an estimation of the surface tension of the SLMed AlSiMg equal to � = 835 %&/% may 

be considered as reliable.  

The calculations of the surface segregation of liquid Al-Si alloys indicate for all alloy compositions 

and temperatures the enrichment of the melt by Si-atoms [18], as it was also experimentally 

observed by the microstructural analysis, performed after the wetting tests on the SLMed AlSiMg / 

Al 2O3 couple (Figures 1,2 and 8). The degree of Si-segregation is temperature dependent, and at 

T=1100 °C is not pronounced (Figure 14).  

 

Figure 14. Surface segregation isotherms of liquid Al-Si alloys calculated for T=1100 °C (full line 

– Butler’s model; dashed line – the ideal solution model).  For a comparison, an estimation of the 

surface enrichment of the Al-10Si-0.4Mg (Al-9.64Si-0.45Mg, in at %) given by the corresponding 

value of the Al89.91-Si10.09 alloy (line 1 – compositional location of the Al89.91-Si10.09). 
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The energetics of metal/ceramic systems characterised by non-reactive wetting is defined in terms 

of the contact angle and work of adhesion. In order to evaluate the energetics of the liquid Al-10Si-

0.4Mg/ Al2O3 system, the first step is to calculate the interfacial energy (�(�) between the liquid and 

the solid phase. To this aim, the new experimental contact angle value, the predicted surface tension 

value of the Al-10Si-0.4Mg and literature data of the surface energy of solid Al2O3 [48] were 

inserted into Young’s equation [28] resulting in �(� = 1.371 )/%*. The work of adhesion +, =  

0.874  )/%*  is obtained by Dupre’s equation [28]. The values obtained for this system are of the 

same magnitude as those found for similar systems [27].  

 

4. Conclusions 

The study of the behavior of Al-10Si-0.4Mg (wt. %) alloy, produced by SLM, at high temperature 

by performing wettability tests on Al2O3 substrates under different environmental conditions has 

been carried out. The results obtained and the analyses of surface morphology and microstructures 

of the processed samples lead to the following conclusions: 

- Poor wettability with high instability of the contact angle values under vacuum conditions was 

observed. In Ar- atmosphere, despite the purity of the gas associated with the presence of reducing 

elements such as the graphite susceptor, no reliable contact angle data have been obtained due to the 

strong surface oxidation. 

- Evaporation of Mg and the consequent microstructural variation occurred during the wetting tests 

under a vacuum, lead to a microstructure of the AlSiMg alloy comparable to that of a conventional 

cast binary alloy;  

- Accordingly, the wetting behavior of AlSiMg alloy under vacuum is very similar to that observed 

for the Al-12.6Si (wt%) alloy under the same operative conditions, with comparable final contact 

angle values; 
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- Surface properties of the Al-10Si-0.4Mg can be evaluated by Butler’s equation and are very close 

to those of the reference Al-Si binary alloy; 

- In order to reduce/prevent the strong tendency to oxidation of Al-based alloys which represents 

one of the main obstacles to the widespread use of Al-based alloys for the SLM process in AM, an 

implementation of the SLM process by control and monitoring of the oxygen content is required. 
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Table 1. Chemical composition of the AlSi10Mg powder (wt. %) 

Si Mg Cu Ni Fe Mn Ti Al 

10 0.4 < 0.25 < 0.05 < 0.25 < 0.1 < 0.15 bal. 
 

 

 

 

 

Table 2. Process parameters used for the realization of the AlSi10Mg samples 

Process parameter Value 

Average power 300 W 

Exposure time 120 µs 

Spot size 130 µm 

Layer thickness 25 µm 

Building temperature 25°C 

Point distance 130 µm 

Hatch distance 140 µm 

Atmosphere Argon 
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Figure 1. SEM image of SLMed AlSiMg showing the points for EDXS measurements; 1- 

representative EDX spectra of the Al matrix, 2- the cellular Si rich network, and 3- a thin oxide 

layer with also Mg. Spectra were cropped at the same count number in order to highlight the 

difference between Si, O and Mg relative content. 

 

Figure 2. Cross section of the SLMed AlSiMg alloy indicating the presence of oxides layers 

surrounding previous melting pools or balling liquid (left); EDXS compositional analysis related to 

the points 1-2. Spectra were cropped at the same count number in order to highlight the difference 

between O and Mg relative content (right). 

 

Figure 3. Contact angle versus time of SLMed AlSiMg alloy on Al2O3 substrate under vacuum (P= 

10-2 Pa).  

 

Figure 4. Evolution of the SLMed AlSiMg sample on Al2O3 substrate during the wetting test 

shown in Figure 3 (t= time; Tm = melting temperature; Tf= final temperature). 

 

Figure 5. Lateral (a) and top (b) views of the AlSiMg drop solidified on the Al203 substrate after the 
wetting test under vacuum. 

 

Figure 6. SEM micrograph of the surface of the AlSiMg drop solidified on the Al203 substrate after 

the wetting test under vacuum condition, lower part of the specimen. Typical features are 

highlighted in the micrographs and corresponding typical EDXS analyses are reported: 1- blocky 

aluminum oxides, 2- iron rich particles, 3-silicon particles, 4-small globular nitrogen rich aluminum 

oxides. 

 

Figure 7. SEM micrograph of the surface of the AlSiMg drop solidified on the Al2O3 substrate after 

the wetting test under vacuum condition: leaf like oxides are visible, together with Silicon particles 

emerging from inside. 

 

Figure 8. SEM image of the sample’s section, showing the EDXS measurement areas (a); EDXS 
spectra representative of the three regions (b-d). 

 

Figure 9. Evolution of the SLMed AlSiMg alloy on Al2O3 substrate during the wetting test 
performed under Ar atmosphere (t= time; Tm = melting temperature; Tf= final temperature). 
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Figure 10. Image of the SLMed AlSiMg sample solidified on Al2O3 substrate, after the end of the 
wetting test performed under Ar atmosphere. 

 

Figure 11. Micrographs of the drop surface of SLMed AlSiMg alloy on Al2O3 substrate after the 
wetting test performed under Ar atmosphere low (left) and high (right) magnification. 

 

Figure 12. SEM image of the Al2O3 substrate after the wetting test performed under Ar 
atmosphere; spectrum of the polygonal aluminum oxides (1) and the thin mixed aluminium-silicon 
oxide (2). 

 

Figure 13. Surface tension isotherms of liquid Al-Si alloys calculated for T=1100 °C (full line – 

Butler’s model; dashed line – the ideal solution model) together with the literature data (� ) [45].  

For a comparison, an estimation of the surface tension of the Al-10Si-0.4Mg (Al-9.64Si-0.45Mg, in 

at %) given by the surface tension calculated value of the Al89.91-Si10.09 (line 1 – compositional 

location of the Al89.91-Si10.09 alloy). 

 

Figure 14. Surface segregation isotherms of liquid Al-Si alloys calculated for T=1100 °C (full line 

– Butler’s model; dashed line – the ideal solution model).  For a comparison, an estimation of the 

surface enrichment of the Al-10Si-0.4Mg (Al-9.64Si-0.45Mg, in at %) given by the corresponding 

value of the Al89.91-Si10.09 alloy (line 1 – compositional location of the Al89.91-Si10.09). 
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Highlights 

 

• Vaporization of Mg in AlSiMg alloy is highlited 

• Wettability of binary AlSi and SLM ASiMg alloys show comparable contact angles value 

• Strong surface oxydation under Ar athmosphere at high temperature in SLM produces 

oxide layers at solidified melting pools interphases  
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